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Objectives The purpose of this study was to determine trends of growth of left heart structures after intervention for neona-
tal aortic valve stenosis.
Background The growth potential of left heart structures in neonatal aortic valve stenosis after relief of obstruction might
influence risk for subsequent outcomes.
Methods From 1994 to 2004, 53 patients underwent neonatal (30 days old) balloon aortic valve dilation. Factors asso-
ciated with time-related outcomes (death, reintervention, aortic valve replacement) and longitudinal changes in
normalized left heart dimensions were sought.
Results The median age at intervention was 3.5 days (range 1 to 30 days). During a median follow-up of 3.2 years rang-
ing up to 10.9 years, there were 31 reinterventions on the aortic valve in 21 (40%) patients and 7 deaths (13%).
The presence of moderate or severe left ventricular (LV) endocardial fibroelastosis was the only independent pre-
dictor for time-related mortality (hazard ratio 22.1; p  0.004), and a smaller initial aortic valve annulus z-score
was a significant independent predictor for aortic valve replacement (hazard ratio 0.63 per 1-U change; p 
0.007). Aortic valve annulus, aortic sinus, and LV dimension z-scores significantly increased over time, whereas
mitral valve z-scores remained below normal. The structure’s initial z-score and concomitant size of other left
heart structures were significant independent factors associated with subsequent z-scores.
Conclusions There is potential catch-up growth of the aortic valve and LV over time for neonates after intervention for aortic
valve stenosis. However, the continued hypoplasia of the mitral valve warrants further consideration in the long-
term management of these patients. (J Am Coll Cardiol 2007;50:2406–14) © 2007 by the American College
of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2007.07.082d
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sortic valve stenosis in neonates is associated with varying
egrees of hypoplasia of left heart structures. Fetal echocar-
iographic studies have demonstrated the progressive devel-
pment of hypoplasia of left heart structures related to
eft-sided obstructive lesions (1,2). This hypoplasia adds to
ncreased morbidity and mortality for this patient popula-
ion (3). In severe cases, the hypoplasia of left heart
tructures associated with neonatal aortic valve stenosis
ecessitates univentricular palliation or transplantation (4).
n less severe cases, ongoing or progressive hypoplasia or
rowth failure might contribute to subsequent morbidity,
rom the *Division of Cardiology, Department of Pediatrics, and the †Division of
ardiovascular Surgery, Department of Surgery, University of Toronto, The Hospitald
or Sick Children, Toronto, Ontario, Canada.
Manuscript received July 5, 2007; accepted July 25, 2007.eficits in functional status, and need for further interven-
ions. However, the pattern of growth in left heart structures
fter the relief of left-sided obstruction is unclear, even in
he absence of hypoplasia. A recent study demonstrated
otential catch-up growth of the aortic valve and left
entricle (LV) in those with smaller left heart structures (5).
owever, growth was not the focus of this study, the data
rovided were descriptive and limited to the aortic valve
nnulus and left ventricular end-diastolic (LVED) dimen-
ion, and multivariable longitudinal data analysis for trends
nd associated factors was not performed. Hence, we sought
o determine the trends in longitudinal changes in left heart
imensions and aortic insufficiency and determine factors
ssociated with clinical outcomes and growth of left heart
tructures for patients with neonatal balloon aortic valve
ilation.
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atient population. Patients with a diagnosis of aortic
alve stenosis who underwent neonatal aortic valve dilation
t 30 days of age at the Hospital for Sick Children in
oronto, Ontario, Canada, from January 1994 to December
004 were identified from the cardiac catheterization data-
ase. All patients had situs solitus, levocardia, concordant
trioventricular and ventriculoarterial connections, a left
ortic arch, and normal venous connections. Patients with
nitial univentricular palliation were excluded. Patients un-
erwent initial percutaneous transcatheter balloon dilation
f the aortic valve with previously described techniques (6).
atient demographic characteristics, clinical status before
ntervention and at last follow-up, procedural characteristics
nd hemodynamic status, and outcomes were abstracted
rom patient records. The study was approved by our
nstitutional Research Ethics Board, and patient confiden-
iality was maintained.
natomic measurements. Initial pre-procedural and
ollow-up post-procedural echocardiograms and echocar-
iographic reports were reviewed. Measurements of left
eart structures were performed offline with electronic
alipers and included the standard published (4) morpho-
ogic and functional characteristics. Measurements were
ormalized for body surface area as z-scores on the basis of
ublished normative data (7). Published normative data was
sed rather than institution-specific normative values to
acilitate comparison with different institutions. Degree of
ortic valve insufficiency was assessed both qualitatively with
global assessment based on aortic insufficiency jet width
atio, LV dilation and function, and diastolic flow reversal in
he descending aorta and quantitatively with aortic insuffi-
iency jet width to aortic valve annulus ratio in diastole
easured offline by a single reviewer. The initial pre-
rocedural echocardiographic measurements were used to
etermine the Congenital Heart Surgeons Society (CHSS)
core with the published regression equation for critical
ortic stenosis (4) and the Rhodes score (3).
ata analysis. Data are presented as frequencies, means
ith standard deviations (SDs), or median with minimum
nd maximum, as appropriate. Time-related survival, time
o reintervention, and time to aortic valve replacement were
odeled with nonparametric Kaplan-Meier estimates. Fac-
ors associated with these outcomes were sought from
emographic characteristics, medical status at presentation,
nd echocardiography measurements with Cox proportion-
te hazard regression. Variables were initially included in a
tepwise model (p  0.05 to enter), and those selected were
ncluded in a multivariable model through backward selec-
ion to obtain a final model for each event.
Changes in the z-scores of left heart structure dimen-
ions over time after initial intervention but before
eintervention were modeled with linear regression ad-
usted for repeated measures through an autoregressive
ovariance structure. Associations between changes in s-scores over time and demo-
raphic characteristics, echocar-
iography measurements at pre-
entation, and at follow-up and
he degree of aortic and mitral
alve stenosis and insufficiency
ere initially tested in a stepwise
egression model (p  0.25 to
nter); backward selection was
sed to obtain a final multivari-
ble model. Results from these
odels are given as parameter
stimates (PE) with standard error that correspond to the
verage increase in outcome measure for each increase of 1
easurement unit (or otherwise indicated) in predictor
easurement. All data analyses were performed with SAS
tatistical software (version 9.1, SAS Institute Inc., Cary,
orth Carolina).
esults
atient characteristics. Between January 1994 and De-
ember 2004, 53 patients underwent neonatal balloon aortic
alve dilation. Fetal diagnosis of isolated aortic valve steno-
is was made in 6 (11%) patients. The majority (81%) of
atients were male. There were 2 (4%) pre-term neonates
orn at 34 and 35 weeks’ gestational age.
The median age at presentation was 2 days (range 0 to 30
ays). Median weight was 3.4 kg (range 2.0 to 4.5 kg),
edian length was 50 cm (range 44 to 57 cm), and median
ody surface area was 0.22 m2 (range 0.16 to 0.26 m2).
lthough 26 (49%) patients presented with a fetal diagnosis
r an asymptomatic murmur, 27 (51%) presented with
ymptoms of low cardiac output or heart failure. Before the
nitial intervention, prostaglandin E1 infusion was initiated
n 33 (62%) patients, 26 (49%) were mechanically ventilated
or symptoms or for hospital transfer, and 15 (28%) received
notropic medications.
natomic data. Initial anatomic features on echocardio-
ram before the initial intervention are listed in Table 1.
ecreased LV systolic function (ejection fraction 55%)
as noted in 25 (47%) patients. Table 2 lists the z-scores of
eft heart structures at presentation. The initial mitral valve
imensions, LV dimension and length, aortic valve annulus,
ortic root at the sinus, and sinotubular junction were
enerally smaller than normal, whereas the ascending aorta
as larger than normal. The median CHSS score was 0
range 46 to 55). Only 28 (53%) patients had a negative
HSS score, which predicts a survival benefit with biven-
ricular repair, whereas 25 (47%) patients had a positive
HSS score indicating that they would have had better
redicted survival with univentricular palliation rather than
biventricular repair. The median Rhodes score was 0.28
range 0.98 to 1.39). With a score of 0.35 being
redictive of death after a 2-ventricle repair, the Rhodes
Abbreviations
and Acronyms
CHSS  Congenital Heart
Surgeons Society
CI  confidence interval
LV  left
ventricle/ventricular
LVED  left ventricular
end-diastolic
PE  parameter estimatescore predicted death in 8 (15%) patients. Patients in the
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Left Heart Growth in Aortic Valve Stenosis December 18/25, 2007:2406–14ore recent era (years 2000 to 2004) had more favorable
edian CHSS and Rhodes scores at 2 and 0.15, respec-
ively, compared with patients in the earlier era (years 1994
o 1999) whose median CHSS and Rhodes scores were 6
nd 1.80, respectively. However, this difference was not
tatistically significant.
rocedural characteristics. The median age at initial in-
ervention was 3.5 days (range 1 to 30 days). The median
ortic valve annulus size by angiography and echocardio-
ram was 6.8 mm (range 4.5 to 8.6 mm). The median size
f the largest balloon used was 7 mm (range 5 to 8 mm),
iving a median maximum balloon-to-annulus ratio of 1.0
range 0.9 to 1.3). The approach used for balloon dilation
as antegrade in 40 (75%) and retrograde in 13 (25%)
atients.
emodynamic status. Before initial balloon aortic valve
ilation, the mean LV and aorta systolic pressures by
ullback or simultaneous recording measured 115 27 mm
g and 57  11 mm Hg, respectively, giving a mean
natomy From the Initialchocardiogram at Presentation
Table 1 Anatomy From the InitialEchocardiogram at Presentation
Structure n (%)
Patent foramen ovale or atrial septal defect 50 (94)
Apex-forming left ventricle 51 (95)
Grade of endocardial fibroelastosis (CHSS grade [4])
None 26 (49)
Mild (papillary muscle only) 13 (25)
Moderate (papillary muscle and endocardium) 8 (15)
Severe (extensive) 6 (11)
Aortic valve morphology
Trileaflet 17 (32)
Bicuspid 12 (23)
Functionally bicuspid 19 (36)
Unicuspid 5 (9)
Dysplastic 44 (83)
Transverse aortic arch hypoplasia 3 (6)
Patent ductus arteriosus 34 (64)
 53.
CHSS  Congenital Heart Surgeons Society.
-Scores of Left Heart Structures at Presentation
Table 2 Z-Scores of Left Heart Structures at Presentation
Structure Z-Score Values (Mean  SD)
Mitral valve
AP dimension 1.18 1.49
Lateral dimension 0.62 1.57
LV
LVED dimension (M-mode) 1.00 3.00
LV endocardial length 0.23 1.38
Aortic valve
Annulus 2.83 2.33
Sinus 1.23 1.91
Sinotubular junction 0.92 1.92
Aortic arch
Ascending aorta 0.92 1.82d
 53.
AP  anteroposterior; LV  left ventricular; LVED  left ventricular end-diastolic.eak-to-peak gradient of 59  27 mm Hg. After the
rocedure, the mean LV and aortic systolic pressures by
ullback or simultaneous recording measured 78  16 mm
g and 61  15 mm Hg, respectively, giving a mean
eak-to-peak gradient of 17  10 mm Hg. The overall
ean reduction in peak-to-peak gradient was 69  20%.
ortic valve insufficiency. Follow-up echocardiograms
emonstrated aortic valve insufficiency in the majority of
atients. Although 9 (19%) patients did not have any aortic
alve insufficiency immediately after intervention, there was
ualitatively trivial-to-mild insufficiency in 24 (50%), mod-
rate in 14 (29%), and severe in 1 (2%) patient. The mean
ortic valve insufficiency to aortic valve annulus jet width
atio measured 33  15%. However, there was no signifi-
ant change in the degree of aortic valve insufficiency over
ime (Fig. 1), as analyzed with general linear modeling for
ongitudinal data.
linical outcomes. There were 7 (13%) early deaths dur-
ng the initial hospital stay with no late deaths. Hence,
urvival was 86% at 1 year (95% confidence interval [CI]
6% to 96%), which was unchanged at 5 years and 10 years
fter intervention (Fig. 2). The causes of death were: severe
ortic valve regurgitation with poor LV function in 4
atients, 2 of whom underwent surgical reintervention with
rgent Ross-Konno procedures before death, and 1 patient
ach who had residual aortic valve stenosis and underwent
eintervention with the Ross-Konno procedure followed by
ortic valve replacement with homograft before death; poor
entricular function with high end-diastolic pressure and no
esidual aortic valve stenosis resulting in multiorgan failure;
nd fatal intracranial hemorrhage during thrombolytic ther-
py for arterial thrombosis.
The median duration of follow-up was 3.2 years (range 5
Figure 1 Longitudinal Trends in Aortic Valve
Insufficiency to Aortic Valve Annulus Jet Width Ratio
Individual trends from initial intervention
until reintervention, death, or last follow-up.ays to 10.9 years). There were 31 subsequent reinterven-
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December 18/25, 2007:2406–14 Left Heart Growth in Aortic Valve Stenosisions in 21 (40%) patients during the follow-up period, as
hown in Figure 3. The indications for reintervention were
ortic valve stenosis for 20 procedures, aortic valve regurgi-
ation for 8 procedures, and combined aortic valve stenosis
nd regurgitation for 3 procedures. The median age at the
rst reintervention was 0.7 years (range 1 day to 7.6 years).
he time-related freedom from reintervention was 68% at 1
ear (95% CI 52% to 79%), 56% at 5 years (95% CI 39% to
6%), and 33% at 10 years (95% CI 12% to 55%) (Fig. 4).
There were 11 aortic valve replacement procedures in 10
19%) patients at a median age of 0.6 years (range 1 day to
.0 years). The indications for aortic valve replacement were
ortic valve stenosis for 3 procedures, aortic valve regurgi-
ation for 6 procedures, and combined aortic valve stenosis
nd regurgitation for 2 procedures. All 3 patients who
nderwent aortic valve replacement in the neonatal period
ied before hospital discharge. The freedom from aortic
alve replacement was 87% at 1 year (95% CI 81% to 93%),
5% at 5 years (95% CI 61% to 89%), and 59% at 10 years
95% CI 36% to 81%) (Fig. 5).
Figure 2 Kaplan-Meier Curve Depicting Survival Over Time
The solid line represents the Kaplan-Meier estimates,
and the dashed lines represent 95% confidence intervals.Figure 3 Flowchart of Patient Outcomesactors associated with clinical outcomes. Factors asso-
iated with time-related mortality, reintervention, and aor-
ic valve replacement are shown in Table 3.
Patients who died had a mean CHSS score of 31  20
nd a mean Rhodes score of 0.24  0.43, compared with
he patients who survived, who had a mean CHSS score of
2  19 and a mean Rhodes score of 0.31  0.56.
owever, moderate or severe LV endocardial fibroelastosis
as the only significant independent factor associated with
ime-related mortality from multivariable analysis, and after
ontrolling for this variable, no other variable was significant.
rends in longitudinal change in left heart dimen-
ions. Follow-up echocardiograms after initial intervention
ere available for 48 patients for review. The length of time
Figure 4 Kaplan-Meier Curve Depicting
Freedom From Reintervention Over Time
The solid line represents the Kaplan-Meier estimates,
and the dashed lines represent 95% confidence intervals.
Figure 5 Kaplan-Meier Curve Depicting Freedom
From Aortic Valve Replacement Over Time
The solid line represents the Kaplan Meier estimates,
and the dashed lines represent 95% confidence intervals.
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Left Heart Growth in Aortic Valve Stenosis December 18/25, 2007:2406–14rom initial intervention to an end-state (i.e., death, rein-
ervention, or last follow-up) ranged from 4 days to 9.8
ears. There was a median of 2 echocardiograms/patient
range 1 to 14) from this time period. The z-scores of
easurements of left heart structures after the initial inter-
ention until an end-state was reached were plotted over
ime for each individual patient, and a fitted line represent-
ng the overall trend of all patients was derived. The trends
n longitudinal change in left heart dimension are shown in
igure 6.
Aortic valve annulus, aortic sinus, and LVED diameter
-scores were significantly associated with time (p 0.001),
ith a rapid increase during the first year after initial interven-
ion followed by a plateau or slowing in the rate of increase.
here was no significant trend of change with time in the
-score of LV endocardial length. The mitral valve lateral
imensions were also significantly related to time (p  0.05).
owever, the mitral valve dimension z-scores decreased in the
rst year after intervention before becoming fairly constant
elow normal, although remaining within 2 SDs of predicted
ormal and without clinically important gradients.
ndependent factors associated with z-scores of left heart
tructures during follow-up. AORTIC VALVE. Indepen-
ent factors associated with z-scores of left heart structures
uring follow-up were determined with general linear mod-
ling for repeated measures, and factors that influenced time
rends (interactions) were also sought. Results are reported
s PE from the multivariable model, which represent the
mount by which a unit change in the factor influences the
-score during follow-up, adjusted for all other factors
ignificant in the model. Independent factors significantly
ignificant Predictors for Time-Related Outcomes
Table 3 Significant Predictors for Time-Related Outcomes
Variable P
Mortality
Presence of moderate or severe LV EFE
Decreased ejection fraction by M-mode
Lower initial aortic valve annulus z-score
Lower initial aortic sinus z-score
Lower initial ascending aorta z-score
Lower initial LV length z-score
Higher CHSS score (4) (favors single ventricle palliation)
Lower Rhodes score (predicts mortality after biventricular repair)
Younger age at initial intervention (per yr)
Higher balloon/annulus ratio (per 0.1 increase)
Reintervention
Lower initial aortic valve annulus z-score
Lower % change in gradient across aortic valve with initial intervention
(per 10% change)
Aortic valve replacement
Presence of moderate or severe LV EFE
Presence of unicuspid aortic valve
Lower initial aortic valve annulus z-score
 53.
CHSS  Congenital Heart Surgeons Society; EFE  endocardial fibroelastosis; LV  left ventricssociated with a larger aortic annulus z-score during wollow-up were a larger initial aortic valve annulus z-score
PE 0.33  0.07, p  0.001), a larger aortic sinus z-score
uring follow-up (PE 0.49  0.07, p  0.001), and longer
ime from initial intervention (PE 0.10  0.03/year, p 
.005). Independent factors associated with a larger aortic
inus z-score during follow-up were a larger initial aortic
inus z-score (PE 0.31  0.10, p  0.005) and a lower
HSS score (favoring a biventricular repair, 0.02  0.01,
 0.05) as well as a larger LVED diameter z-score (PE
.10  0.05, p  0.04) and a larger aortic valve annulus
-score (PE 0.39  0.06, p  0.001) during follow-up and
onger time from initial intervention (PE 0.15  0.03/year,
 0.001).
V. Independent factors significantly associated with a
arger LV endocardial length z-score during follow-up were
larger initial LV endocardial length z-score (PE 0.30 
.07, p  0.001), a larger mitral valve lateral dimension
-score during follow-up (PE 0.20  0.06, p  0.001), and
higher echocardiographic peak instantaneous LV outflow
ract gradient during follow-up (PE 0.01  0.003, p 
.04). Independent factors associated with a larger LVED
iameter z-score during follow-up were a larger initial
VED diameter z-score (PE 0.23 0.08, p 0.006), a larger
itral valve lateral dimension z-score during follow-up (PE
.31  0.09, p  0.001), a larger aortic sinus z-score during
ollow-up (PE 0.23  0.09, p  0.008), and a longer time
rom initial intervention (PE 0.12  0.05/year, p  0.02).
ITRAL VALVE. Independent factors associated with a
arger anteroposterior dimension z-score during follow-up
ter Estimate  SE
Univariate Analysis
p Value, Hazard Ratio
Multivariate Analysis
p Value, Hazard Ratio
3.11 1.08 0.004, 22.1 0.004, 22.3
0.03 0.02 0.08, 0.97
0.50 0.18 0.006, 0.61
0.65 0.20 0.002, 0.52
0.45 0.23 0.05, 0.64
0.65 0.31 0.04, 0.52
0.07 0.02 0.001, 1.07
1.61 0.77 0.04, 0.20
0.82 0.40 0.04, 0.44
0.57 0.25 0.03, 1.77
0.25 0.11 0.03, 0.78
0.29 0.10 0.006, 0.76 0.006, 0.76
1.58 0.72 0.03, 4.84
1.61 0.71 0.03, 5.01
0.46 0.17 0.007, 0.63 0.007, 0.63arame
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December 18/25, 2007:2406–14 Left Heart Growth in Aortic Valve Stenosis-score (PE 0.15  0.07, p  0.05), a larger LVED
iameter z-score during follow-up (PE 0.26  0.05, p 
.001), and less time from initial intervention (PE 0.09
.03/year, p  0.001). Independent factors associated with
larger lateral dimension z-score during follow-up were a
arger LV endocardial length z-score (PE 0.25  0.09, p 
.004), a larger LVED diameter z-score during follow-up
PE 0.20  0.05, p  0.001), and less time from initial
ntervention (PE 0.09  0.03/year, p  0.001).
There was significant interaction between the initial
-scores and the trend of change with time. Patients with
ower initial z-scores had lower z-scores during follow-up
Figure 6 Longitudinal Trends for Left Heart Structures After Ini
The solid dark lines represent overall trends from regression modeling, the dotted
surements for individual patients over time. There was no significant interaction be
is not provided. AP  anteroposterior.ompared with those with higher initial z-scores. However, zhose with lower initial z-scores demonstrated greater po-
ential catch-up growth in the first year, as illustrated in
igure 7.
Age at initial intervention, gender, antenatal diagnosis,
hodes score, mitral or aortic valve morphology, and
everity of endocardial fibroelastosis were not found to be
ignificantly associated with longitudinal change in any of
he left heart dimensions. The degree of aortic valve
nsufficiency immediately after initial intervention and at
ollow-up by qualitative assessment or quantitative jet width
atio was also not significantly associated with longitudinal
hange in left heart dimension. Although LVED dimension
tervention to Reintervention, Death, or Last Follow-Up
represent 2 SDs from the predicted trends, and the light lines indicate mea-
left ventricular endocardial length z-score and time, and thus a time trend linetial In
lines
tween-scores exceeded predicted normal values during follow-
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Left Heart Growth in Aortic Valve Stenosis December 18/25, 2007:2406–14p, the degree of LV dilation was similar regardless of the
egree of aortic valve insufficiency immediately after inter-
ention, as illustrated in Figure 8.
iscussion
ypoplasia of left heart structures associated with neonatal
ortic valve stenosis contributes importantly to increased
orbidity and mortality in this patient population. We
xamined a contemporary group of patients undergoing
eonatal intervention for aortic valve stenosis and evaluated
ime-related clinical outcomes and longitudinal trends in
eft heart dimensions and factors associated with these
utcomes and measurements over time.
utcomes. Neonatal intervention for aortic valve stenosis
s associated with considerable morbidity and mortality
6,8). Associated hypoplasia of left heart structures is a
ell-established risk factor for mortality (3,4) in this pop-
Figure 7 Predicted Z-Scores of Left Heart Structures After Initi
AP  anteroposterior.lation. Consistent with previous studies, our findings pighlight the important impact of associated left heart
ypoplasia and endocardial fibroelastosis on survival after
iventricular repair. These anatomic factors also contribute
o the high rate of reintervention and aortic valve replace-
ent in this patient population.
rowth of left heart structures. There is an early phase in
he first year after initial intervention where there are rapid
ncreases in aortic valve and LV diameter z-scores. This is
onsistent with previous studies of neonates with coarcta-
ion of the aorta or aortic valve stenosis and hypoplastic LV
5,9–12). This might be affected by changes in the geometry
f the LV after the relief of obstruction but might also
eflect volume load in the presence of aortic valve regurgi-
ation. In fact, we found that LVED dimension z-scores
xceeded normal predicted values in the first year after
nitial intervention, although we could not find an associa-
ion with the degree of aortic valve stenosis. After the initial
ervention Stratified by Initial Z-Score in Quartilesal Interiod of catch-up growth or dilation in the first year,
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December 18/25, 2007:2406–14 Left Heart Growth in Aortic Valve Stenosisowever, the aortic valve and LV seem to have a normal rate
f growth, resulting in a plateau in the mean z-scores near
r above normal.
In contrast, the mitral valve dimension z-score in our
tudy decreased in the first year after initial intervention and
emained below normal thereafter although within 2 SDs of
redicted normal. There were no interventions in our series
or mitral valve stenosis during the intermediate follow-up
eriod; hence, the functional impact and long-term impli-
ations of this continued mitral valve hypoplasia remain
nclear.
The highest rate of growth in heart structures occurs in
he first year of life (13) and might represent a time for
otential catch-up growth. Humpl et al. (14) in their study
f pulmonary atresia and intact ventricular septum found
hat the growth of hypoplastic right heart structures was
roportional to the initial values. This was also our finding,
ith higher initial z-scores being predictive of higher
-scores during follow-up. This implies that patients with
ormal or near normal size structure maintain their normal-
ty during follow-up. There was also size concordance
etween different left heart structures, so that if a patient
ad a higher z-score for one left heart structure, they were
ore likely to have higher z-scores for the other left heart
tructures as well. Although the degree of aortic valve
nsufficiency by both qualitative and quantitative assessment
as not statistically significantly associated with higher
Figure 8 Predicted Trends in LV Dimensions Stratified
by Initial Grade of Aortic Valve Insufficiency
Trends since initial intervention. LV  left
ventricular; LVED  left ventricular end-diastolic.VED z-scores over time in our study, McElhinney et al. m5) have found that patients with post-dilation aortic valve
nsufficiency had a more rapid increase in LVED z-scores
nd higher LVED z-scores in follow-up. In contrast, the
eak instantaneous gradient across the LV outflow tract was
significant independent predictor for higher LV length
nd aortic valve annulus z-scores in our study. This then
aises the question as to how residual lesions, either regur-
itation or stenosis, influence the growth of heart structures.
This potential for growth of left heart structures might
ave implications for patients with aortic valve stenosis and
borderline left ventricles.” Although the left heart appears
mall and inadequate on initial assessment, there might be
mmediate expansion or growth after the relief of obstruc-
ion and change in loading conditions, followed by potential
atch-up growth sufficient to support the systemic circula-
ion. Many studies have attempted to define the lower limits
f LV hypoplasia that are adequate to support a systemic
irculation (3,15), but these lower limits continue to be
hallenged (16,17). The patterns in longitudinal changes in
eft heart structures might suggest that if patients survive the
otentially difficult early post-intervention period, they
ight have sufficient dilation or growth to support a
iventricular circulation. However, the cost of achieving a
iventricular circulation must be weighed against the po-
entially higher early mortality and reintervention rates that
ight make single ventricle palliation preferable in selected
ases.
Controversy still remains as to whether fetal intervention
or aortic valve stenosis would allow for sufficient catch-up
rowth and hence prevention or reversal of the development
f hypoplastic left syndrome in utero. Tworetzky et al. (18)
resented their early results for balloon dilation of severe
ortic stenosis in the fetus and found that there was an
ncrease in mitral valve, aortic valve, and ascending aorta
iameters as well as LV length, for the fetuses that had a
uccessful intervention compared with those that did not.
lthough still in the early stages of development and
pplication, the potential catch-up growth in the neonatal
nd fetal hearts after the relief of obstruction presents a
opeful area for intervention and prevention.
The limitations of this study include its retrospective
esign, with the lack of clear pre-defined indications for
eintervention or aortic valve replacement, and the variable
ength and frequency of monitoring, including patients
ndergoing part of their follow-up assessments outside of
ur institution. Hence, patients requiring reintervention and
ortic valve replacement might be over-represented in our
ample, because these patients would be more likely to
ontinue their follow-up assessments at our tertiary care
nstitution. In addition, with our contemporary patient
opulation, we have intermediate follow-up data available,
ut further long-term longitudinal research is required
articularly as it relates to any potential areas of concern,
uch as the implications for the continued hypoplasia of the
itral valve.
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lthough neonates with aortic valve stenosis might have
ssociated small left heart structures, there is potential
atch-up growth of the aortic valve and growth or dilation
f the LV over time, with no evidence for growth failure.
his potential for catch-up growth after relief of left-sided
bstruction has implications for the management of patients
ith borderline LVs. However, persistent hypoplasia of the
itral valve, when present, warrants further consideration in
he long-term follow-up and management for this patient
opulation.
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